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This application is a division of application Serial No. 
10/243,373 for "Pump Assembly, Valve and Method" filed September 
13, 2002, a continuation of application Serial No. 09/580,877 for 
"Pump Assembly and Method" filed May 30, 2000, now Patent No. 

10 6,460, 510. 

Field of the Invention 

The invention relates to pump assemblies using plug assemblies 
to close the ends of piston bores and to methods for mounting plug 
assemblies in the bores. The pump assemblies are typically used in 

is internal combustion engines to pressurize liquid used to actuate 
engine components including fuel injectors and intake and exhaust 
valves . 

Description of the Prior Art 

Fuel injection systems using high-pressure pumps for flowing 

20 actuating liquids are well known. The injectors include 
electronically controlled actuation solenoids that open a valve for 
an interval to permit liquid pressurized by a pump to extend a fuel 
plunger and inject fuel into a combustion chamber. Pumped high- 
pressure liquid may also actuate intake and exhaust valves and 

25 other engine components. 

The pressure of the liquid is maintained by a high-pressure 
pump assembly, typically having a number of piston pumps with 
pistons reciprocated in piston bores to increase the pressure of 
the liquid. 
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The piston bores are typically drilled into the body of the 
pump assembly and closed at outer ends by plugs. The plugs are 
subject to the high outlet pressure of the pumped liquid and must 
engage the walls of the bores tightly to prevent leaks or pressure 
dislodgment. Cutting threads into the end of the bores to receive 
threaded plugs is undesirable as this can leave metal shavings that 
are difficult to remove. Metal shavings entrained in the pumped 
liquid can injure the pump and components actuated by the high- 
pressure liquid. 

Therefore, there is a need for an improved bore plug assembly 
for closing the ends of piston bores in high-pressure pumps and for 
an improved method of installing plug assemblies in piston bores. 
The plug assembly should be easily and reliably installed without 
using threads or introducing shavings into the pump assembly. 
Summary of the Invention 

The invention is a pump assembly with improved plug assemblies 
closing the ends of piston bores and a method of installing a plug 
assembly in the end of a piston bore in a high-pressure pump, such 
as a high-pressure pump used in modern internal combustion engines. 
The plug assemblies engage the bores tightly to prevent leaks and 
pressure dislodgment. The plug assemblies are fitted in drilled 
piston bores without the need to cut threads in the bores and clean 
shavings from the bores. 

Other objects and features of the invention will become 
apparent as the description proceeds, especially when taken in 


conjunction with the accompanying drawings illustrating the 
invention. 

Description of the Drawings 

Figure 1 is a sectional view illustrating the pump assembly; 
Figure 2 is a sectional view taken along line 2 --2 of Figure 

1; 

Figures 3 and 4 are views illustrating assembly of a first 
embodiment check plug assembly; and 

Figures 5 and 6 are views illustrating assembly of a second 
embodiment check plug assembly. 
Description of the Preferred Embodiment 

Pump assembly 10 is a component of an internal combustion 
engine and includes a body 12 having an interior crank chamber 14 . 
Crankshaft 16 is mounted in the crank chamber and includes an end 
extending outwardly of the chamber. Drive gear 18 is mounted on 
the end of the crankshaft outwardly of body 12. The crankshaft 
includes two cylindrical eccentrics 20 located in chamber 14 . 

In assembly 10, each eccentric 20 drives a pair of like, 90 
degree-spaced check valve piston pumps 22. The pumps driven by 
each eccentric are spaced 90 degrees apart around the axis of the 
crankshaft as shown in Figure 2 . 

Each check valve piston pump 22 includes a piston bore 24 
formed in body 12 and extending perpendicularly to the axis of the 
crank shaft. A hollow cylindrical piston 26 has a sliding fit 
within the inner end of each bore 24. The piston has a spherical 
inner end 2 8 adjacent the crankshaft. End 2 8 is fitted in a 


spherical recess in a slipper socket 30 located between the piston 
and the eccentric actuating the pump. The inner concave surface of 
the slipper socket is cylindrical and conforms to the surface of 
the adjacent cylindrical eccentric. Central passage 32 in the 
5 spherical end of the piston and passage 34 in the slipper 
communicate the surface of the eccentric with variable volume 
pumping chamber 36 in piston 26 and bore 24. The variable volume 
portion of the pumping chamber is located in bore 24. 

A check valve or plug assembly 90 closes the outer end of each 

10 piston bore 24. Each assembly 90 includes a sleeve 92 tightly 
fitted in the end of bore 24. A cylindrical seat 94 is fitted in 
the inner end of the sleeve. Plug 96 is fitted in the sleeve to 
close the outer end of bore 24. Poppet disc or valve member 98 is 
normally held against the outer end of seat 94 by poppet spring 100 

15 fitted in plug 96. A central boss 99 projects above valve member 
98 and is fitted in spring 100. 

A piston spring 38 is fitted in each piston 26 and extends 
between the spherical inner end of the piston 2 6 and seat 94. 
Spring 38 holds the piston against pump slipper 30 and the slipper 

20 against an eccentric 20. 

Crankshaft 16 is rotated in the direction of arrow 40 shown in 
Figure 2. Lubricating oil from the low-pressure oil pump of the 
engine driving assembly 10 flows into the crank chamber 14 through 
an inlet passage (not illustrated) . During return strokes of 

25 pistons low-pressure oil flows from chamber 14 through slot 42 in 
each eccentric and passages 32 and 34 of each pump to fill the pump 


chambers. Rotation of crankshaft 16 moves the slots 42 in the 
surfaces of the eccentrics into and out of engagement with slipper 
passages 34 to permit unobstructed flow of engine oil from the 
crank chamber into the pumping chambers 36. Rotation of the 
crankshaft also moves the pistons 26 up and down in bores 76 to 
pump oil past the check valves. During rotation of the crankshaft 
the piston springs 38 hold the pistons against the slippers and the 
slippers against the eccentrics while the slippers oscillate on the 
spherical end of the pistons. The eccentric and slipper of each 
pump form an inlet valve for flowing oil into the pumping chamber 
during return strokes of the piston. The inlet valve is closed 
during pumping strokes. Pumped, high-pressure oil flows past the 
poppet valve 98 into chamber 106 between the valve and the plug 96, 
through bore or opening 102 in sleeve 92 and into high-pressure 
outlet passage 44. Passage 44 leads to an outlet port (not 
illustrated) on the outside of the body and is connected to a 
pressure line leading to the fuel injectors actuated by the high- 
pressure oil. The high-pressure oil may actuate other types of 
components . 

High-pressure oil from the pump 22 shown on the left in Figure 
1 flows from chamber 106 for the pump through bore 102, through 
connecting high-pressure passage 108, a bore 102 for the pump shown 
on the right, into chamber 106 for the pump shown on the right, out 
the chamber through another bore 102 for the pump shown on the 
right and into outlet passage 44. 


Figures 3 and 4 illustrate a method of assembling check valve 
assembly 90 in the outer end of a piston bore 24 during manufacture 
of assembly 10. First, piston 26 is extended into open bore 24 and 
spring 38 is fitted in the piston. The piston engages a slipper 30 
on an eccentric 20. Then, sleeve 92, having a tight fit in bore 
24, is pressed into the bore. 

As illustrated in Figure 4, the interior surface 91 at the 
inner wall of sleeve 92 is tapered inwardly and increases the 
thickness of the sleeve. The outer wall of tubular seat 94 is 
correspondingly tapered outwardly. The seat 94 is extended into 
the sleeve so that the tapered surfaces on the end of the sleeve 
and on the seat engage each other. The seat is then driven to the 
position shown in Figure 3 to form a tight -wedged connection with 
the sleeve. This connection deforms the sleeve against the wall of 
the bore and strengthens the connection between the sleeve and the 
bore 24. Reduced diameter collar 104. on the inner end of the seat 
extends into the center of spring 3 8 to locate the spring radially 
within pumping chamber 36. 

Next, poppet disc 98 is positioned on spring 100, the spring 
is fitted in plug 96 and the plug is driven into the open outer end 
of sleeve 92. Driving of plug 96 into the sleeve forms a strong 
closed joint between the plug and the sleeve and strengthens the 
joint between the sleeve and the wall of bore 24. A circular boss 
99 on the top of poppet disc 98 extends into the spring 100 so that 
the spring holds the poppet disc in proper position against seat 
94. 


Figures 5 and 6 illustrate a second embodiment check valve or 
plug assembly 240 which may be used in check valve pumps 22 in 
place of assembly 90. Assembly 240 includes a sleeve 242 driven in 
the outer end of a bore 24 as previously described. Sleeve 242 
5 includes a tapered lower end which receives a seat 244, with a 
tapered driven connection between the seat and sleeve, as shown in 
Figure 4. The outer end 246 of the sleeve extends above the top of 
body 12 when the sleeve is fully positioned in the bore 24. 

Plug 248 of assembly 240 is longer than plug 96 and includes 
10 an angled circumferential undercut 250 at the outer end of the plug 
extending out from body 12. The interior opening of plug 248 has 
the same depth as the corresponding opening of plug 96. 

After sleeve 242 and seat 244 have been driven into the 
passage, poppet disc 252, like disc 98, is mounted on spring 254, 
15 like spring 100, the outer end of the spring is extended into the 
bore in plug 248 and the plug is driven into the sleeve to the 
position shown in Figure 5. Undercut groove 250 is located above 
the surface of body 12. The upper end of the sleeve is then formed 
into the undercut groove to make a strong connection closing the 
20 outer end of the bore. 

Additional features of pump assembly 10 are described in my 
U.S. Patent No. 6,460,510, the disclosure of which is incorporated 
herein in its entirety. 

While I have illustrated and described a preferred embodiment 
25 of my invention, it is understood that this is capable of 
modification, and I therefore do not wish to be limited to the 
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precise details set forth, but desire to avail myself of such 
changes and alterations as fall within the purview of the following 
claims . 
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